A urate oxidase (uricase) gene was cloned from Candida utilis with an oligonucleotide probe based on the amino acid sequence of cyanogen bromide-cleaved uricase. The uricase gene contains 909 base pairs and encodes a protein with a predicted mass of 34,193 Da. Candida uricase was similar (49% match in amino acid sequence) to the uricase from Aspergillus flavus. The uricase from Candida utilis has four cysteines and one of them, Cys168, participates in the enzyme activity. This enzyme was expressed to a level of about 20% of total cellular protein in an Escherichia coli cell as a soluble and functional form.
Urate oxidase [EC 1. 7. 3. 3] (uricase), is an enzyme in the purine degradation pathway and catalyzes the oxidation of uric acid to allantoin. Humans lack uricase and the accumu lation of uric acid in blood causes gout symptoms (1, 2) . Uricase, therefore, is used for the enzymatic determination of uric acid to diagnose gout. Uricase has been found in various sources and the corresponding genes cloned from some mammals (3) (4) (5) , Drosophila (6) , soybean (7), Aspergillus (8, 9) , and Bacillus (10) , but the gene encoding uricase of Candida utilis, which is widely available com mercially, has not been cloned. The Candida uricase does not require any cofactor for the enzymatic oxidation. So it is important to improve the producibility and to investigate the structure-function relationship of this enzyme. In this report we describe the cloning of the uricase gene from C. utilis and a role of cysteine residues. Computer analysis was done using DNASIS-Mac (Hitachi Software Engineering, Yokohama).
MATERIALS AND METHODS

Strains
Expression of the Uricase Gene in E. coli-For expres sion of PCR-amplified fragments in E. coli, the expression vector pUTE200 was used (18) . The 912-bp DNA fragment encoding uricase was amplified by PCR using pU0501 as a template. This fragment was inserted into the HpaI site of pUTE200 to obtain pUOX201.
Site-Directed Mutagenesis Substitution of Cys to Ser was carried out by the method of Kunkel et al. (19) with a Muta-GeneTM in vitro mutagenesis kit (Bio-Rad Japan, Tokyo) using a single-strand DNA prepared from pU0501 harboring JM109. The synthetic oligonucleotides used are listed in Table 1 . After the mutant structures had been confirmed by DNA sequence determination, DNA frag ments containing mutated sites were cut off with suitable restriction enzymes and replaced into pUOX201.
Uricase Assay and Protein Analysis-E. coli carrying pUOX201 was cultured in L broth containing 1mM IPTG 
RESULTS
Cloning of the Uricase Gene-We concluded that the amino terminus of this protein was blocked since the amino-terminal sequence of the uricase purified from C. utilis IFO 0988 could not be determined. After treatment with cyanogen bromide, four peptide fragments could be collected and sequenced. Probe U1 designed from one of the peptide sequences, PQNPKK, was synthesized and used for plaque hybridization studies. About 20,000 plaques were screened with probe U1 and three positive clones were obtained. An EcoRI fragment of about 4.5kb which hybrid ized to the probe was subcloned into pUC118 and the resultant plasmid was designated pU0501.
Sequence of the Uricase Gene-We sequenced 1,641 by ment restored about 90% of the initial activity (data not shown). The reduction of the enzyme activity was thought to result from the oxidation of cysteine residue(s). To confirm this hypothesis, we constructed mutants in which serine was substituted for each cysteine. None of the substitutions affected the producibility and solubility of uricase in mutants (Fig. 2B) , and only the substitution of Ser for Cys168 resulted in a decrease of the uricase activity (Table II) . These results suggest that oxidation of Cys168 is a cause of the thermal instability of Candida uricase. (Table  II) . Addition of 2-mercaptoethanol after heat treat
We have cloned and sequenced the uricase gene from a genomic DNA of C. utilis, which encodes a 34-kDa protein with 303 aa residues. A putative TATA box (TATAAAA) was found at position -99 (Fig. 3 ) but no other consensus regulatory sequences were identified. The genomic gene amplified by PCR could be expressed in E. coli under the control of a lac promoter, suggesting that this gene contains no introns. The recombinant uricase accumulated to a level of approximately 20% of soluble intracellular protein and had the same specific activity as uricase purified directly from C. utilis.
Compared with uricases from other sources, the amino acid sequence of C. utilis uricase possesses 49% identity to fungi, 33% to mammalians, 37% to fly, 33% to soybean, and 21% to Bacillus. Bairoch (21) and Legoux et al. (8) iden tified consensus patterns for eukaryotic uricase (motif 1 an d motif 2 in Fig. 3 ). The sequences Val-Leu-Lys-Ser Thr-Gly-Ser (154-160 in Fig. 1 ) and Ser-Pro-Ser-Val-Gln Ala-Thr-Met-Phe (231-239 in Fig. 1 ) are slightly diffferent from motif 1 (Val-Leu-Lys-Thr-Thr-Gln-Ser) and motif 2 (Ser-Pro Ser Val Gln Lys/His/Asn-Thr-Leu-Tyr), re spectively. Recently. Yamamoto et al. (10) reported that the corresponding sequence of Bacillus sp. TB-90 was not highly homologous and that another highly conserved region was identified (region A in Fig. 3 ). This sequence, Asn-Ser-X-Val/Ile-Val/Ile-Ala/Pro-Thr-Asp Ser/Thr-X Lys-Asn, is found in the sequence of uricase from C. utilis Fig. 3 . A multiple align ment of uricases. The uricases from C. utilis, A. flavus (A38097), soybean (A25776), rat (A31774), and Bacillus (D49974) are aligned. The con served residues among the five proteins are boxed. Motif 1 and motif 2 were proposed as con sensus patterns for uricase by Bairoch (21) and Legoux (8) , respectively. Regions A and B were newly identified conserved sequences.
(54-65 in Fig. 1 ). In addition, there is another conserved sequence, Tyr/His-Gly-Lys-X-X-Val, in the amino termi nal region of all uricases (region B in Fig. 3 ). A mutant with this region deleted had no uricase activity (data not shown). Thus, this sequence is important for the enzyme activity. Eukaryotic uricases are known to be copper-binding en zymes (22) and the copper-binding site has been proposed (2) . But uricases of C. utilis and A. flavus contain no copper (20, 23) , despite having a putative copper-binding site (His-Asp-His, 119-121 in Fig. I and Ref. 8) . Yamamoto et al. reported that the copper-binding site was not found in the uricase of Bacillus sp. TB-90, which does not contain copper (10) . It is interesting to investigate how microbial uricases compensate functionally for the absence of copper in the active center.
Uricase of C. utilis is well characterized (20, 24, 25) . Nishimura et al. (20) reported that it contains three cysteines, of which one is located near the active site of the enzyme but is not necessary for uricase activity. It is known that subunits of Candida uricase can associate to form an enzyme with lower specific activity under aerobic condi tions (25) . Based on our sequence data, the uricase of C. utilis IF00988 contains four cysteines. We showed that the oxidation or substitution of Cys168 resulted in reduction of the uricase activity. One hypothesis is that a chemically reactive sulfhydryl group located on the surface of the molecule is spontaneously oxidized during purification and forms a disulfide bond linking the two molecules.
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